E
nteroviruses (EVs) are RNA viruses in the family Picornaviridae comprising more than 100 serotypes that are divided into four species, human enteroviruses A to D (9) . The clinical manifestations of EVs range from conjunctivitis, respiratory tract infection, myocarditis, meningitis, encephalitis, and neonatal sepsis, like illness (1, 26) . Encephalitis is a rare presentation of EV infection, but many EV serotypes (coxsackievirus [CV] A9, A10, and B5, echovirus [ECV] 4, 5, 9, 11, 19, and 30, and EV 71, 75, 76 and 89) have been reported in encephalitis cases from different parts of the world (2, 4, 12, 17, 18, 27) .
Although EVs are ubiquitous, some serotypes may be predominating in a particular area and others introduced periodically, causing epidemics. Continuous epidemiological surveillance is essential for identification of new serotypes or variants responsible for an outbreak and their disease pattern (1) . Classical methods for EV serotype identification require virus isolation in cell cultures and then neutralization with type-specific antisera. However, due to the poor sensitivity of virus isolation over PCR and the emergence of untypeable strains, several methods have been developed for enterovirus typing in the direct clinical specimen by amplification and sequencing of the structural VP1 capsid region (15, (23) (24) (25) .
Encephalitis is a significant cause of morbidity and mortality in children each year in Uttar Pradesh, India's so-called northern state. Japanese encephalitis virus (JEV), dengue virus, chikungunya virus, and EV have been reported in encephalitis cases from India (12, 13, 16, 20, 21, 27) . Due to the large number of EV serotypes and their diverse clinical presentations (19) , it is difficult to distinguish EV in encephalitis cases from other viruses, which is necessary for timely supportive therapy to avoid neurological sequelae (7) . In this study, 204 children with clinical diagnosis of encephalitis were prospectively investigated for viral agents. EV (22.1%) was the main etiologic agent. We observed an epidemic during the rainy seasons of 2010 associated with ECV 21. Nucleic acid extraction and virus detection. RNA was extracted from CSF samples using a viral RNA isolation minikit (Qiagen, Hilden, Germany) per the manufacturer's protocol. Detection of EV, JEV, dengue virus, and chikungunya virus was performed using Geno-Sen's Rotor Gene quantitative real-time PCR kit (Genome Diagnostics, India), which is specific for each virus in a Rotor-Gene 6000 real-time instrument (Corbett Research, Victoria, Australia) according to the manufacturer's protocol. Immunoglobulin M capture enzyme-linked immunosorbent assay (ELISA) was also used to detect JEV antibodies in CSF samples.
MATERIALS AND METHODS

Patients
EV typing and phylogenetic analysis. EV real-time PCR-positive CSF samples were typed by seminested reverse transcriptase PCR (RT-PCR) amplification of a partial VP1 region according to Nix et al. (23) . The amplicons were purified with the QIAquick PCR purification kit (Qiagen, Hilden, Germany) and sequenced on the ABI Prism automated sequencer by Vimta Labs, India, with the AN88 and AN89 primers. GenBank basic local alignment search tool (BLAST) searches (http://www.ncbi.nlm.nih .gov/Blast) were performed for serotype identification. Strains having Ն75% similarity at the nucleotide level were considered to have the same serotype. Clustal W (www.ebi.ac.uk/clustalw) was used for multiple-se-quence alignment. The phylogenetic tree was inferred by using the Kimura 2-parameter algorithm and the neighbor-joining algorithm with 1,000 bootstrap replicates in MEGA 4.0.2 software (www.megasoftware .net) (28) .
Statistical analysis. Chi-square test, Fisher exact test, and independent-sample t test were used to compare data between groups of patients when appropriate by using either SPSS for Windows version 16 (SPSS Inc., Chicago, IL) or Fisher exact test using an online application (http://in-silico.net/tools/statistics/fisher_exact_test).
Sequence accession numbers. The GenBank accession numbers for the partial VP1 sequences of EV strains identified in this study are JQ740110 to JQ740149.
RESULTS
A total of 204 children were enrolled during the study period. From 204 CSF samples, 45 (22.1%) were positive for EV, 35 (17.1%) for JEV, 17 (7.3%) for dengue virus, and 9 (4.4%) for chikungunya virus. Five cases of dual infection were observed during the study, out of which three were coinfected with JEV and EV and two with dengue and EV.
The clinical features and laboratory findings of children with encephalitis associated with EV (n ϭ 32) and other viruses (n ϭ 44) are shown in Table 1 . There were no significant differences between enterovirus-associated encephalitis (EVAE) and othervirus-associated encephalitis (OVAE) groups in demographic features except for sex. Fever was the most common clinical feature present in all (100%) encephalitis patients associated with EV and other viruses. Levels of personality change (43.7% versus 18.2%; P Ͻ 0.021), rashes (28.1% versus 0%; P Ͻ 0.023), and diarrhea (25% versus 4.5%; P Ͻ 0.036) were significantly higher in EVAE than in OVAE. However, neck stiffness (43.7% versus 75%; P Ͻ 0.008) was significantly less common in EVAE.
Out of 45 EV real-time PCR-positive CSF samples, 40 (88.9%) were typed by seminested RT-PCR and sequencing of the VP1 gene. Molecular typing of EV revealed seven different serotypes corresponding to ECV 21 (n ϭ 14), ECV 1 (n ϭ 7), CV B1 (n ϭ 6), EV 75 (n ϭ 5), EV 76 (n ϭ 4), CV B5, and ECV 19 (n ϭ 2 each). Five samples did not amplify, perhaps due to low virus load in CSF samples or failure of PCR primers. All EV strains from this study met the serotype identification criteria for homologous serotypes, including at least 75% nucleotide or 88% amino acid identity in the VP1 region (24) . The nucleotide divergence range for each serotype (CV B1, CV B5, ECV 1, 19, and 21, EV 75, and EV 76) from the respective reference serotype was 0 to 12%, 11%, 1 to 22%, 11%, 0 to 2%, 6 to 9%, and 14 to 25%, respectively.
Annual distribution of EV serotypes was observed throughout the study with detection of EV 76 (37.5%) in 2009, while ECV 21 was detected only in 2010 (Table 2) . During this study, an epidemic of ECV 21 was observed in 2010 (Fig. 1) . Phylogenetic analysis of ECV 21 sequences from the present study with all available sequences shows the emergence of a new genotype more closely related to strains from the United States (87.3% identity), Australia (86.2% identity), Sweden (85.5% identity), Nigeria (84.5% identity), and France (82.1% identity) than to the Asian strain (83.9% identity) (Fig. 2) .
DISCUSSION
More than 100 viruses can cause encephalitis that varies by distribution and occurrence in different geographical regions (22) . This study shows that EV was the most common etiologic agent in children with encephalitis from the Uttar Pradesh state of India. This finding may be overstated because the diagnosis was defined only in 51% of cases, which might be due to identification criteria specific to previously reported etiologic agents in the studied area.
However, the prevalence of EV in encephalitis cases (22.1%) in this study is similar to earlier reports from Kuwait and European countries (2, 3, 11) . Our study shows that EV-associated encephalitis patients present high degrees of altered sensorium and mortality compared to previous reports (4, 5, 10) . Recently, a study from south Vietnam also reported severe outcomes in EV-associated encephalitis in younger children (14) . This finding is similar to an earlier report which shows that some virulent EV serotypes prevailing in a particular area may be responsible for severe infection (6, 8) .
During this study, ECV 21 was the main serotype that occurred in 2010 in the form of an epidemic. Retrospective analysis of ECV 21 showed that it had circulated sporadically in Australia, the United States, Nigeria, France, Sweden, China, and south India. The clinical manifestations of ECV 21 range from asymptomatic infection to respiratory infection, acute flaccid paralysis, and aseptic meningitis (8) . To our knowledge, this is the first report of ECV 21 in encephalitis cases worldwide. The highest identity of Indian ECV 21 strains and U.S. isolates compared to other worldwide strains suggests their importation into these highly populated areas. However, further study based on complete genomes and animal models are required to study their evolution and pathogenesis due to increased evidence of recombination within enterovirus B species (19) .
In conclusion, EVs are a significant cause of encephalitis in children from northern India. To our knowledge, this is the first report of CV B1, ECV 1, and ECV 21 serotypes in encephalitis cases from India. Molecular typing of EVs is useful for correlating clinical symptoms with a virus type, characterizing emerging serotypes and their epidemiological investigation, and developing vaccines for encephalitis.
